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GLASS COMPOSITION FOR PROTECTING
SEMICONDUCTOR JUNCTION, METHOD OF
MANUFACTURING SEMICONDUCTOR
DEVICE AND SEMICONDUCTOR DEVICE

RELATED APPLICATIONS

The present application is a National Phase of International
Application Number PCT/IP2012/061777, filed May 8,
2012.

TECHNICAL FIELD

The present invention relates to a glass composition for
protecting a semiconductor junction, a method of manufac-
turing a semiconductor device and such a semiconductor
device.

BACKGROUND ART

There has been known a method of manufacturing a semi-
conductor device where a glass layer for passivation is formed
such that the glass layer covers a pn junction exposure portion
in the process of manufacturing a mesa-type semiconductor
device (see patent literature 1, for example).

FIG. 14A to F1G. 14D and FIG. 15A to FIG. 15D are views
for explaining such a conventional method of manufacturing
a semiconductor device. FIG. 14A to FIG. 14D and FIG. 15A
to FIG. 15D are views showing respective steps of the con-
ventional method.

The conventional method of manufacturing a semiconduc-
tor device includes, as shown in FIG. 14A to FIG. 14D and
FIG. 15A to FIG. 15D, “semiconductor base body forming
step”, “trench forming step”, “glass layer forming step”,
“photoresist forming step”, “oxide film removing step”,
“roughened surface region forming step”, “electrode forming
step”, and “semiconductor base body cutting step” in this
order. Hereinafter, the conventional method of manufacturing
a semiconductor device is explained in the order of these
steps.

(a) Semiconductor Base Body Forming Step

Firstly, a p* type diffusion layer 912 is formed by diffusion
of'a p type impurity from one surface of an n™ type semicon-
ductor substrate (n~ type silicon substrate) 910, and ann* type
diffusion layer 914 is formed by diffusion of an n type impu-
rity from the other surface of the n™ type semiconductor
substrate 910 thus forming a semiconductor base body in
which a pn junction arranged parallel to a main surface of the
semiconductor base body is formed. Thereafter, oxide films
916, 918 are formed by thermal oxidation on a surface of the
p* type diffusion layer 912 and a surface of the n* type
diffusion layer 914 respectively (see FIG. 14A).

(b) Trench Forming Step

Next, predetermined opening portions are formed on the
oxide film 916 at predetermined positions by photo etching.
After etching the oxide film, subsequently, the semiconductor
base body is etched thus forming trenches 920 having a depth
exceeding the pn junction from one surface of the semicon-
ductor base body (see FIG. 14B).

(c) Glass Layer Forming Step

Next, a layer made of the glass composition for protecting
a semiconductor junction is formed on inner surfaces of the
trenches 920 and a surface of the semiconductor base body in
the vicinity of the trenches 920 by an electrophoresis method,
and the layer made of the glass composition for protecting a
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semiconductor junction is baked so that a glass layer 924 for
passivation is formed on surfaces of the trenches 920 (see
FIG. 14C).

(d) Photoresist Forming Step

Next, a photoresist 926 is formed such that the photoresist
926 covers a surface of the glass layer 924 (see FIG. 14D).
(e) Oxide Film Removing Step

Next, the oxide film 916 is etched using the photoresist 926
as a mask so that the oxide films 916, 918 in a portion 930
where an Ni plating electrode film is formed are removed (see
FIG. 15A).

(f) Roughened Surface Region Forming Step

Next, surface roughening treatment is applied to a surface
of'the semiconductor base body in the portion 930 where the
Ni plating electrode film is formed thus forming a roughened
surface region 932 for increasing adhesion between the Ni
plating electrode and the semiconductor base body (see FI1G.
15B).

(g) Electrode Forming Step

Next, an Ni plating is applied to the semiconductor base
body thus forming an anode electrode 934 on the roughened
surface region 932, and forming a cathode electrode 936 on
the other surface of the semiconductor base body (see FIG.
150).

(h) Semiconductor Base Body Cutting Step

Next, the semiconductor base body is cut by dicing or the
like at a center portion of the glass layer 924 thus dividing the
semiconductor base body into a plurality of chips whereby
mesa-type semiconductor devices (pn diodes) 900 are formed
(see FIG. 15D).

As has been explained heretofore, the conventional method
of manufacturing a semiconductor device includes the step of
forming the trenches 920 exceeding the pn junction from one
surface of the semiconductor base body where the pn junction
arranged parallel to the main surface is formed (see FIG. 14A
and FIG. 14B), and the step of forming the glass layer 924 for
passivation in the inside of the trench 920 such that the glass
layer 924 covers a pn junction exposure portion (see FIG.
14C). Accordingly, in the conventional method of manufac-
turing a semiconductor device, by cutting the semiconductor
base body after forming the glass layer 924 for passivation in
the inside of the trench 920, mesa-type semiconductor
devices having high breakdown strength can be manufac-
tured.

PRIOR ART LITERATURE
Patent Literature
Patent literature 1 JP-A-2004-87955
SUMMARY OF THE INVENTION
Technical Problem

A glass material which is used for forming a glass layer for
passivation is required to satisfy following conditions (a) to
(d), that is, the condition (a) that the glass material can be
baked at a proper temperature, the condition (b) that the glass
material withstands chemicals used in steps, the condition (c)
that the glass material has a linear expansion coefficient close
to a linear expansion coefficient of silicon for preventing
warping of a wafer during steps (particularly an average lin-
ear expansion coefficient at a temperature of 50° C. to 550° C.
being close to a linear expansion coefficient of silicon), and
the condition (d) that the glass material has excellent insula-
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tion property. In view of the above, “a glass material contain-
ing lead silicate as a main component™ has been widely used
conventionally.

However, “the glass material containing lead silicate as a
main component” contains lead which imposes a heavy bur-
den on an environment and hence, it is thought that the use of
“the glass material containing lead silicate as a main compo-
nent” will be prohibited in the near future.

The present invention has been made in view of such cir-
cumstances, and it is an object of the present invention to
provide a glass composition for protecting a semiconductor
junction, a method of manufacturing a semiconductor device
and such a semiconductor device which can manufacture a
semiconductor device having high breakdown strength using
a glass material containing no lead in the same manner as a
conventional case where “a glass material containing lead
silicate as a main component” is used.

Solution to Problem

[1] According to one aspect of the present invention, there
is provided a glass composition for protecting a semiconduc-
tor junction which contains at least SiO,, B,O;, Al,O;, ZnO
and at least two oxides of alkaline earth metals selected from
a group consisting of CaO, MgO and BaO, and substantially
contains none of Pb, As, Sb, Li, Na and K, wherein an average
linear expansion coefficient within a temperature range of 50°
C. to 550° C. falls within a range of 3.33x107° to 4.13x107.

[2] In the above-mentioned glass composition for protect-
ing a semiconductor junction according to the present inven-
tion, it is preferable that an average linear expansion coeffi-
cient within a temperature range of 50° C. to 550° C. falls
within a range of 3.38x107° to 4.08x107°,

[3] According to another aspect of the present invention,
there is provided a glass composition for protecting a semi-
conductor junction which contains at least SiO,, B,O;,
Al O;, ZnO and at least two oxides of alkaline earth metals
selected from a group consisting of CaO, MgO and BaO, and
substantially contains none of Pb, As, Sb, Li, Na and K,
wherein the content of SiO, falls within a range 0f49.5 mol %
to 64.3 mol %, the content of B,O; falls within a range of 8.4
mol %to 17.9 mol %, the content of Al,O, falls within a range
of 3.7 mol % to 14.8 mol %, the content of ZnO {falls within a
range 0of3.9 mol % to 14.2 mol %, and the content of the oxide
of alkaline earth metal falls within a range of 7.4 mol % to
12.9 mol %.

[4] In the above-mentioned glass composition for protect-
ing a semiconductor junction according to the present inven-
tion, it is preferable that a total content of the content of SiO,
and the content of B,O; falls within a range of 65 mol % to 75
mol %.

[5] In the above-mentioned glass composition for protect-
ing a semiconductor junction according to the present inven-
tion, it is preferable that the glass composition contains, as the
oxide of alkaline earth metal, all of CaO, MgO and BaO.

[6] In the above-mentioned glass composition for protect-
ing a semiconductor junction according to the present inven-
tion, it is preferable that the content of CaO falls within a
range of 2.0 mol % to 5.3 mol %, the content of MgO falls
within a range of 1.0 mol % to 2.3 mol %, and the content of
BaO falls within a range of 2.6 mol % to 5.3 mol %.

[7] In the above-mentioned glass composition for protect-
ing a semiconductor junction according to the present inven-
tion, it is preferable that the glass composition contains, as the
oxide of alkaline earth metal, CaO and BaO.

[8] In the above-mentioned glass composition for protect-
ing a semiconductor junction according to the present inven-

20

25

35

40

45

65

4

tion, it is preferable that out of the oxides of alkaline earth
metals, the content of CaO falls within a range of 2.0 mol %
to 7.6 mol %, and the content of BaO falls within a range of
3.7 mol % to 5.9 mol %.

[9] In the above-mentioned glass composition for protect-
ing a semiconductor junction according to the present inven-
tion, it is preferable that the glass composition further con-
tains at least one metal oxide selected from a group consisting
of nickel oxide, copper oxide, manganese oxide and zirco-
nium oxide.

[10] In the above-mentioned glass composition for protect-
ing a semiconductor junction according to the present inven-
tion, it is preferable that the content of at least one metal oxide
selected from a group consisting of nickel oxide, copper
oxide, manganese oxide and zirconium oxide falls within a
range of 0.01 mol % to 2.0 mol %.

[11] According to still another aspect of the present inven-
tion, there is provided a method of manufacturing a semicon-
ductor device which includes, in the following order: a first
step of preparing a semiconductor element having a pn junc-
tion exposure portion where a pn junction is exposed; and a
second step of forming a glass layer such that the glass layer
covers the pn junction exposure portion, wherein in the sec-
ond step, the glass layer is formed using a glass composition
for protecting a semiconductor junction which contains at
least SiO,, B,0;, ALL,O;, ZnO and at least two oxides of
alkaline earth metals selected from a group consisting of
Ca0, MgO and BaO, and substantially contains none of Pb,
As, Sb, Li, Naand K, the glass composition having an average
linear expansion coefficient within a temperature range of 50°
C. to 550° C. falls within a range of 3.33x107° to 4.13x107.

[12] According to still another aspect of the present inven-
tion, there is provided a method of manufacturing a semicon-
ductor device which includes, in the following order: a first
step of preparing a semiconductor element having a pn junc-
tion exposure portion where a pn junction is exposed; and a
second step of forming a glass layer such that the glass layer
covers the pn junction exposure portion, wherein in the sec-
ond step, the glass layer is formed using a glass composition
for protecting a semiconductor junction which contains at
least SiO,, B,0,, AL,O,, ZnO and at least two oxides of
alkaline earth metals selected from a group consisting of
Ca0, MgO and BaO, and substantially contains none of Pb,
As, Sb, Li, Na and K, and in the glass composition, the content
of'Si0, falls within a range 0f 49.5 mol % to 64.3 mol %, the
content of B,O; falls within a range of 8.4 mol % to 17.9 mol
%, the content of Al,O, falls within a range of 3.7 mol % to
14.8 mol %, the content of ZnO falls within a range 0f3.9 mol
% to 14.2 mol %, and the content of the oxide of alkaline earth
metal falls within a range of 7.4 mol % to 12.9 mol %.

[13] In the above-mentioned method of manufacturing a
semiconductor device according to the present invention, it is
preferable that the first step includes: a step of preparing a
semiconductor base body having a pn junction parallel to a
main surface; and a step of forming the pn junction exposure
portion in the inside of a trench by forming the trench from
one surface of the semiconductor base body with a depth
exceeding the pn junction, and the second step includes a step
of forming the glass layer such that the glass layer covers the
pn junction exposure portion in the inside of the trench.

[14] In the above-mentioned method of manufacturing a
semiconductor device according to the present invention, it is
preferable that the second step includes a step of forming the
glass layer such that the glass layer directly covers the pn
junction exposure portion in the trench.

[15] In the above-mentioned method of manufacturing a
semiconductor device according to the present invention, it is
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preferable that the second step includes a step of forming an
insulation layer over the pn junction exposure portion in the
trench, and a step of forming the glass layer such that the glass
layer covers the pn junction exposure portion with the insu-
lation layer interposed therebetween.

[16] In the above-mentioned method of manufacturing a
semiconductor device according to the present invention, it is
preferable that the first step includes a step of forming the pn
junction exposure portion on a surface of a semiconductor
base body, and the second step includes a step of forming the
glass layer such that the glass layer covers the pn junction
exposure portion on the surface of the semiconductor base
body.

[17] In the above-mentioned method of manufacturing a
semiconductor device according to the present invention, it is
preferable that the second step includes a step of forming the
glass layer such that the glass layer directly covers the pn
junction exposure portion on the surface ofthe semiconductor
base body.

[18] In the above-mentioned method of manufacturing a
semiconductor device according to the present invention, it is
preferable that the second step includes a step of forming an
insulation layer on the pn junction exposure portion on a
surface of the semiconductor base body, and a step of forming
the glass layer such that the glass layer covers the pn junction
exposure portion with the insulation layer interposed therebe-
tween.

[19] According to still another aspect of the present inven-
tion, there is provided a semiconductor device which
includes: a semiconductor element having a pn junction expo-
sure portion where a pn junction is exposed; and a glass layer
which is formed such that the glass layer covers the pn junc-
tion exposure portion, wherein the glass layer is formed using
a glass composition for protecting a semiconductor junction
which contains at least SiO,, B,0;, Al,O,, ZnO and at least
two oxides of alkaline earth metals selected from a group
consisting of CaO, MgO and BaO, and substantially contains
none of Pb, As, Sh, Li, Na and K, wherein an average linear
expansion coefficient within a temperature range of 50° C. to
550° C. falls within a range of 3.33x107° to 4.13x1075,

[19] According to still another aspect of the present inven-
tion, there is provided a semiconductor device which
includes: a semiconductor element having a pn junction expo-
sure portion where a pn junction is exposed; and a glass layer
which is formed such that the glass layer covers the pn junc-
tion exposure portion, wherein the glass layer is formed using
a glass composition for protecting a semiconductor junction
which contains at least SiO,, B,0;, Al,O,, ZnO and at least
two oxides of alkaline earth metals selected from a group
consisting of CaO, MgO and BaO, and substantially contains
none of Pb, As, Sb, Li, Naand K, and in the glass composition,
the content of SiO, falls within a range 0f 49.5 mol % to 64.3
mol %, the content of B,O; falls within a range of 8.4 mol %
to 17.9 mol %, the content of Al,0, falls within a range of 3.7
mol % to 14.8 mol %, the content of ZnO {falls within a range
0f 3.9 mol % to 14.2 mol %, and the content of the oxide of
alkaline earth metal falls within a range of 7.4 mol % to 12.9
mol %.

Advantage of the Invention

According to the glass composition for protecting a semi-
conductor junction, the method of manufacturing a semicon-
ductor device and the semiconductor device of the present
invention, as can be clearly understood from examples
described later, a semiconductor device having high break-
down strength can be manufactured by using a glass material
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which contains no lead in the same manner as the conven-
tional case where “a glass material containing lead silicate as
a main component” is used.

Further, according to the glass composition for protecting
a semiconductor junction, the method of manufacturing a
semiconductor device and the semiconductor device of the
present invention, an average linear expansion coefficient
within a temperature range of 50° C. to 550° C. falls within a
range 0£3.33x107%t0 4.13x107® so that the glass composition
has a linear expansion coefficient close to a linear expansion
coefficient of silicon whereby it is possible to make the warp-
ing of the wafer during steps extremely small. Accordingly,
the semiconductor device having an excellent forward break-
down voltage characteristic can be manufactured using a thin
wafer, and the semiconductor device having an excellent
reverse breakdown voltage characteristic can be also manu-
factured by increasing a thickness of the glass layer.

Further, according to the glass composition for protecting
a semiconductor junction, the method of manufacturing a
semiconductor device and the semiconductor device of the
present invention, the content of SiO, falls within a range of
49.5 mol % to 64.3 mol %, the content of B,O; falls within a
range of 8.4 mol % to 17.9 mol %, the content of Al,O, falls
within a range 0f3.7 mol % to 14.8 mol %, the content of ZnO
falls within a range of 3.9 mol % to 14.2 mol %, and the
content of the oxide of alkaline earth metal falls within a
range of 7.4 mol % to 12.9 mol %. Accordingly, it is possible
to set an average linear expansion coefficient of the glass
composition for protecting a semiconductor junction within a
temperature range of 50° C. to 550° C. to a linear expansion
coefficient (3.33x107° to 4.13x107, for example) close to a
linear expansion coefficient of silicon without causing the
crystallization in the process of vitrification. For this reason,
it is possible to make the warping of the watfer during steps
extremely small and hence, the semiconductor device having
an excellent forward breakdown voltage characteristic can be
manufactured using a thin wafer, and the semiconductor
device having an excellent reverse breakdown voltage char-
acteristic can be also manufactured by increasing a thickness
of the glass layer.

In the glass composition for protecting a semiconductor
junction according to the present invention, “to contain at
least some specific components (SiO,, B,O; and the like)”
means not only the case where the glass composition contains
only such specific components but also the case where the
glass composition also contains other components which can
be usually contained in the glass composition besides such
specific components.

In the glass composition for protecting a semiconductor
junction according to the present invention, “to substantially
contain no specific element (Pb, As or the like)” means that
the glass composition contains no any such a specific element
as the specific component, and does not exclude the glass
composition in which the above-mentioned specific element
is mixed as an impurity in the glass materials which constitute
respective components of glass. The same goes for the
method of manufacturing a semiconductor device and the
semiconductor device of the present invention.

When the glass composition for protecting a semiconduc-
tor junction is so-called glass composition of oxide system as
in the case of the present invention, “to contain no specific
element (Pb, As or the like)” means that the glass composition
contains none of oxide of the specific element, none of nitride
of the specific element or the like.

The reason the glass composition substantially contains no
Pb is that the object of the present invention lies in that a
semiconductor device having high breakdown strength can be
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manufactured by using a glass material which contains no
lead in the same manner as the conventional case where “a
glass material containing lead silicate as a main component”
is used.

The reason the glass composition substantially contains
neither As nor Sb is that these components are toxic and
hence, there has been the movement to limit the use of these
components.

The reason the glass composition substantially contains
none of i, Na and K is that when the glass composition
contains these components, although the glass composition
can acquire advantageous effects with respect to an average
linear expansion coefficient and a baking temperature, there
may be a case where the insulation property is lowered.

As the result of the extensive studies that the inventors of
the present invention have made, the inventors have found
that the glass composition which contains at least SiO,, B0,
Al O;, ZnO and at least two oxides of alkaline earth metals
selected from a group consisting of Cao, MgO and BaO can
be sufficiently used as the glass composition for protecting a
semiconductor junction even when the glass composition
substantially contains none of components (that is, Pb, As,
Sb, Li, Na and K). That is, according to the glass composition
for protecting a semiconductor junction according to the
present invention, a semiconductor device having high break-
down strength can be manufactured by using a glass material
which contains no lead in the same manner as the conven-
tional case where “a glass material containing lead silicate as
a main component” is used.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A to FIG. 1D are views for explaining a method of
manufacturing a semiconductor device according to an
embodiment 4.

FIG. 2A to FIG. 2D are views for explaining the method of
manufacturing a semiconductor device according to the
embodiment 4.

FIG. 3A to FIG. 3C are views for explaining a method of
manufacturing a semiconductor device according to an
embodiment 5.

FIG. 4A to FIG. 4C are views for explaining the method of
manufacturing a semiconductor device according to the
embodiment 5.

FIG. 5A to FIG. 5D are views for explaining a method of
manufacturing a semiconductor device according to an
embodiment 6.

FIG. 6A to FIG. 6D are views for explaining the method of
manufacturing a semiconductor device according to the
embodiment 6.

FIG. 7A to FIG. 7D are views for explaining a method of
manufacturing a semiconductor device according to an
embodiment

FIG. 8A to FIG. 8D are views for explaining a method of
manufacturing the semiconductor device according to the
embodiment 7.

FIG. 9 is a Table showing conditions and results of
examples.

FIG.10A and FIG. 10B are graphs showing one example of
a result of measurement of linear expansion coefficients.

FIG. 11A and FIG. 11B are views for explaining bubbles
generated in the inside of a glass layer in a preliminary evalu-
ation.

FIG. 12A and FIG. 12B are photographs for explaining
bubbles generated in the inside of the glass layer in a subse-
quent evaluation.
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FIG. 13 is a Table showing the compositions at 18 levels
and the result of a preliminary evaluation.

FIG. 14A to FIG. 14D are views for explaining a conven-
tional method of manufacturing a semiconductor device.

FIG. 15A to FIG. 15D are views for explaining a conven-
tional method of manufacturing a semiconductor device.

MODE FOR CARRYING OUT THE INVENTION

Hereinafter, a glass composition for protecting a semicon-
ductor junction, a method of manufacturing a semiconductor
device and a semiconductor device according to the present
invention are explained in conjunction with embodiments
shown in the drawings.

Embodiment 1

The embodiment 1 relates to an embodiment of a glass
composition for protecting a semiconductor junction.

The glass composition for protecting a semiconductor
junction of the embodiment 1 contains at least SiO,, B,Oj,
Al,O;, Zn0, all oxides of alkaline earth metals of CaO, MgO
and BaO, and nickel oxide, and substantially contains none of
Pb, As, Sb, Li, Na and K. In this case, “to contain some
specific components” means not only the case where the glass
composition contains only such specific components but also
the case where the glass composition also contains other
components which can be usually contained in the glass com-
position besides such specific components. Further, “to sub-
stantially contain no specific element” means that the glass
composition contains no any such a specific element as the
specific component, and does not exclude the glass compo-
sition in which the above-mentioned specific element is
mixed as an impurity in the glass materials which constitute
respective components of glass. “To substantially contain no
specific element” also means that the glass composition con-
tains none of oxide of such a specific element, none of nitride
of'such a specific element or the like.

To be more specific, the content of SiO, falls within a range
0f49.5 mol % to 64.3 mol %, the content of B, O, falls within
arange of 8.4 mol % to 17.9 mol %, the content of Al,O; falls
within a range 0f3.7 mol % to 14.8 mol %, the content of ZnO
falls within a range 0f 3.9 mol % to 14.2 mol %, the content of
the oxide of alkaline earth metal falls within a range of 7.4
mol % to 12.9 mol %, and the content of nickel oxide falls
within a range 0f 0.01 mol % to 2.0 mol %. With respect to the
oxides of alkaline earth metals, the content of CaO {falls
within a range of 2.0 mol % to 5.3 mol %, the content of MgO
falls within a range of 1.0 mol % to 2.3 mol %, and the content
of' BaO falls within a range of 2.6 mol % to 5.3 mol %. A total
content of the content of SiO, and the content of B,O; falls
within a range of 65 mol % to 75 mol %. An average linear
expansion coefficient within a temperature range of 50° C. to
550° C. falls within a range of 3.33x107% to 4.13x107°,

According to the glass composition for protecting a semi-
conductor junction of the embodiment 1, as can be clearly
understood from examples described later, a semiconductor
device having high breakdown strength can be manufactured
by using a glass material which contains no lead in the same
manner as the conventional case where “a glass material
containing lead silicate as a main component” is used.

According to the glass composition for protecting a semi-
conductor junction of the embodiment 1, an average linear
expansion coefficient within a temperature range of 50° C. to
550° C. falls within a range 0f 3.33x107° to 4.13x107° so that
the glass composition has a linear expansion coefficient close
to a linear expansion coefficient of silicon whereby it is pos-
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sible to make the warping of the wafer during steps extremely
small. Accordingly, the semiconductor device having an
excellent forward breakdown voltage characteristic can be
manufactured using a thin wafer, and the semiconductor
device having an reverse breakdown voltage characteristic
can be also manufactured by increasing a thickness of the
glass layer.

According to the glass composition for protecting a semi-
conductor junction of the embodiment 1, the content of SiO,
falls within a range 0f 49.5 mol % to 64.3 mol %, the content
of B,0; falls within a range of 8.4 mol % to 17.9 mol %, the
content of Al,O; falls within a range of'3.7 mol % to 14.8 mol
%, the content of ZnO falls within a range 0f3.9 mol % to 14.2
mol %, and the content of the oxide of alkaline earth metal
falls within a range of 7.4 mol % to 12.9 mol %. Accordingly,
it is possible to set an average linear expansion coefficient of
the glass composition for protecting a semiconductor junc-
tion within a temperature range of 50° C. to 550° C. to a value
(3.33x107°% to 4.13x1075, for example) close to a linear
expansion coefficient of silicon without causing the crystal-
lization in the process of vitrification. For this reason, it is
possible to make the warping of the wafer during steps
extremely small and hence, the semiconductor device having
an excellent forward breakdown voltage characteristic can be
manufactured using a thin wafer, and the semiconductor
device having an excellent reverse breakdown voltage char-
acteristic can be also manufactured by increasing a thickness
of the glass layer.

The reason the content of SiO, is set to a value which falls
within a range of 49.5 mol % to 64.3 mol % is that when the
content of Si0, is less than 49.5 mol %, there may be a case
where the resistance to chemicals is lowered or the insulation
property is lowered, while when the content of SiO, exceeds
64.3 mol %, there exists a tendency that a baking temperature
needs to be elevated.

The reason the content of B,Oj is set to a value which falls
within a range of 8.4 mol % to 17.9 mol % is that when the
content of B, Oy is less than 8.4 mol %, there is a tendency that
a baking temperature needs to be elevated, while when the
content of B,O; exceeds 17.9 mol %, there is a tendency that
an average linear expansion coefficient is increased.

The reason the content of Al,O, is set to a value which falls
within a range of 3.7 mol % to 14.8 mol % is that when the
content of Al,O; is less than 3.7 mol %, there is a tendency
that the glass composition is liable to be crystallized in the
process of vitrification, while when the content of Al,O,
exceeds 14.8 mol %, there is a tendency that the insulation
property is lowered.

The reason the content of ZnO is set to a value which falls
within a range of 3.9 mol % to 14.2 mol % is that when the
content of ZnO is less than 3.9 mol %, there is a tendency that
a baking temperature needs to be elevated, while when the
content of ZnO exceeds 14.2 mol %, there may be a case
where the resistance to chemicals is lowered or the insulation
property is lowered, and there is also a tendency that the glass
composition is liable to be crystallized in the process of
vitrification.

The reason the content of oxide of alkaline earth metal is
set to a value which falls within a range of 7.4 mol % to 12.9
mol % is that when the content of oxide of alkaline earth metal
is less than 7.4 mol %, there is a tendency that a baking
temperature needs to be elevated, while when the content of
oxide of alkaline earth metal exceeds 12.9 mol %, there may
be a case where the resistance to chemicals is lowered or the
insulation property is lowered.

The reason the content of CaO out of oxides of alkaline
earth metals is set to a value which falls within a range of 2.0
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10
mol % to 5.3 mol % is that when the content of CaO is less
than 2.0 mol %, there is a tendency that a baking temperature
needs to be elevated, while when the content of CaO exceeds
5.3 mol %, there may be a case where the resistance to
chemicals is lowered or the insulation property is lowered.

The reason the content of MgO is set to a value which falls
within a range of 1.0 mol % to 2.3 mol % is that when the
content of MgO is less than 1.0 mol %, there is atendency that
a baking temperature needs to be elevated, while when the
content of MgO exceeds 2.3 mol %, there may be a case where
the resistance to chemicals is lowered or the insulation prop-
erty is lowered.

The reason the content of BaO is set to a value which falls
within a range of 2.6 mol % to 5.3 mol % is that when the
content of BaO is less than 2.6 mol %, there is a tendency that
a baking temperature needs to be elevated, while when the
content of BaO exceeds 5.3 mol %, there may be a case where
the resistance to chemicals is lowered or the insulation prop-
erty is lowered.

The reason the content of nickel oxide is set to a value
which falls within a range 0f 0.01 mol % to 2.0 mol % is that
when the content of nickel oxide is less than 0.01 mol %, there
may be a case where it becomes difficult to suppress the
generation of bubbles which may be generated from an inter-
face between a “layer made of the glass composition for
protecting a semiconductor junction” formed by an electro-
phoresis method and a silicon substrate in the process of
baking the “layer made of the glass composition for protect-
ing a semiconductor junction”, while when the content of
nickel oxide exceeds 2.0 mol %, there is a tendency that the
glass composition is liable to be crystallized in the process of
vitrification.

The reason a total content of the content of SiO, and the
content of B,0; is set to a value which falls within a range of
65 mol % to 75 mol % is that when the total content of the
content of SiO, and the content of B,0j; is less than 65 mol %,
there is a tendency that a linear expansion coefficient is exces-
sively increased, while when the total content of the content
of'Si0, and the content of B,O; exceeds 75 mol %, there is a
tendency that the glass composition is liable to be crystallized
in the process of vitrification.

The glass composition for protecting a semiconductor
junction of the embodiment 1 can be manufactured as fol-
lows. That is, raw materials (SiO,, H,BO,, Al,O,, ZnO,
CaCO,, MgO, BaCO, and NiO) are prepared at the above-
mentioned composition ratio (molar ratio), these raw materi-
als are sufficiently mixed and stirred together by a mixer and,
thereafter, the mixed raw material is put into a platinum
crucible, a temperature of the mixed raw material is elevated
up to a predetermined temperature (1550° C., for example) in
an electric furnace and is melted for a predetermined time.
Then, the material in a molten state is made to flow out from
the crucible and is fed to water-cooled rolls so that glass flakes
in a flaky shape are obtained. Thereafter, the glass flakes are
pulverized by a ball mill or the like until the glass flakes obtain
apredetermined average particle size thus manufacturing the
powdery glass composition.

Embodiment 2

The embodiment 2 relates to a glass composition for pro-
tecting a semiconductor junction.

The glass composition for protecting a semiconductor
junction of the embodiment 2 contains at least SiO,, B,O;,
Al,O5, ZnO, at least two oxides of alkaline earth metals (CaO
and BaO) and nickel oxide, and substantially contains none of
Pb, As, Sb, Li, Na and K. In this case, “to contain some
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specific components” means not only the case where the glass
composition contains only such specific components but also
the case where the glass composition also contains other
components which can be usually contained in the glass com-
position besides such specific components. Further, “to sub-
stantially contain no specific element” means that the glass
composition contains no any such a specific element as the
specific component, and does not exclude the glass compo-
sition in which the above-mentioned specific element is
mixed as an impurity in the raw materials which constitute
respective components of glass. “To substantially contain no
specific element” means that the glass composition contains
none of oxide of such a specific element, none of nitride of
such a specific element or the like.

In this embodiment, the content of SiO,, the content of
B,0,, the content of Al,O,, the content of ZnO, the content of
oxide of alkaline earth metal, the content of nickel oxide and
atotal content of the content of SiO, and the content of B,O;
are substantially equal to the contents of the corresponding
compositions of the glass composition for protecting a semi-
conductor junction of the embodiment 1. In the same manner
as the glass composition for protecting a semiconductor junc-
tion of the embodiment 1, an average linear expansion coef-
ficient of the glass composition at a temperature of 50° C. to
550° C. also falls within a range of 3.33x107°% to 4.13x107S.
Out of oxides of alkaline earth metals, the content of CaO falls
within a range of 2.0 mol % to 7.6 mol %, and the content of
BaO falls within a range of 3.7 mol % to 5.9 mol %.

In this manner, the glass composition for protecting a semi-
conductor junction of the embodiment 2 differs from the glass
composition for protecting a semiconductor junction of the
embodiment 1 with respect to a point that the glass compo-
sition contains CaO and BaO as oxides of alkaline earth
metals. However, as can be clearly understood from examples
described later, a semiconductor device having high break-
down strength can be manufactured by using the glass mate-
rial which contains no lead in the same manner as the con-
ventional case where “a glass material containing lead silicate
as a main component” is used.

According to the glass composition for protecting a semi-
conductor junction of the embodiment 2, an average linear
expansion coefficient within a temperature range of 50° C. to
550° C. falls within a range 0f3.33x107° to 4.13x107% so that
the glass composition has a linear expansion coefficient close
to a linear expansion coefficient of silicon whereby it is pos-
sible to make the warping of the wafer during steps extremely
small. Accordingly, the semiconductor device having an
excellent forward breakdown voltage characteristic can be
manufactured using a thin wafer, and the semiconductor
device having an excellent reverse breakdown voltage char-
acteristic can be also manufactured by increasing a thickness
of the glass layer.

According to the glass composition for protecting a semi-
conductor junction of the embodiment 2, the content of SiO,,,
the content of B,Oj;, the content of Al,O;, the content of ZnO,
the content of oxide of alkaline earth metal and the content of
nickel oxide are equal to the corresponding contents of the
components in the glass composition for protecting a semi-
conductor junction of the embodiment 1. Accordingly, it is
possible to set an average linear expansion coefficient of the
glass composition for protecting a semiconductor junction
within a temperature range of 50° C. to 550° C. to a linear
expansion coefficient (3.33x107° to 4.13x107°, for example)
close to a linear expansion coefficient of silicon without caus-
ing the crystallization in the process of vitrification. For this
reason, it is possible to make the warping of the wafer during
steps extremely small. As a result, the semiconductor device
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having an excellent forward breakdown voltage characteristic
can be manufactured using a thin wafer, and the semiconduc-
tor device having an excellent reverse breakdown voltage
characteristic can be also manufactured by increasing a thick-
ness of the glass layer.

The reason the content of SiO,, the content of B,O;, the
content of Al,O,, the content of ZnO, the content of oxide of
alkaline earth metal and the content of nickel oxide of the
glass composition for protecting a semiconductor junction of
the embodiment 2 are set to values which fall within the
above-mentioned ranges is substantially equal to the reason
the corresponding contents of the components in the glass
composition for protecting a semiconductor junction of the
embodiment 1 are set.

The reason the content of CaO out of oxides of alkaline
earth metals is set to a value which falls within a range 0 2.0
mol % to 7.6 mol % is that when the content of CaO is less
than 2.0 mol %, there is a tendency that a baking temperature
needs to be elevated, while when the content of CaO exceeds
7.6 mol %, there may be a case where the resistance to
chemicals is lowered or the insulation property is lowered.

The reason the content of BaO is set to a value which falls
within a range of 3.7 mol % to 5.9 mol % is that when the
content of BaO is less than 3.7 mol %, there exists a tendency
that a baking temperature needs to be elevated, while when
the content of BaO exceeds 5.9 mol %, there may be a case
where the resistance to chemicals is lowered or the insulation
property is lowered.

The glass composition for protecting a semiconductor
junction of the embodiment 2 can be manufactured as fol-
lows. That is, raw materials (SiO,, H,BO,, Al,O,, ZnO,
CaCO,, BaCO,, and NiO) are prepared at the above-men-
tioned composition ratio (molar ratio), these raw materials are
sufficiently mixed and stirred together by a mixer and, there-
after, the mixed raw material is put into a platinum crucible, a
temperature of the mixed raw material is elevated up to a
predetermined temperature (1550° C., for example) in an
electric furnace and is melted for a predetermined time. Then,
the material in a molten state is made to flow out from the
crucible and is fed to water-cooled rolls so that glass flakes in
a flaky shape are obtained. Thereafter, the glass flakes are
pulverized by a ball mill or the like until the glass flakes obtain
apredetermined average particle size thus manufacturing the
powdery glass composition.

Embodiment 3

The embodiment 3 relates to a glass composition for pro-
tecting a semiconductor junction.

The glass composition for protecting a semiconductor
junction of the embodiment 3 basically contains the substan-
tially same components as the glass composition for protect-
ing a semiconductor junction of the embodiment 1. However,
the glass composition for protecting a semiconductor junc-
tion of the embodiment 3 differs from the glass composition
for protecting a semiconductor junction of the embodiment 1
with respect to a point that the glass composition for protect-
ing a semiconductor junction of the embodiment 3 contains
no nickel oxide. That is, the glass composition for protecting
a semiconductor junction of the embodiment 3 contains at
least Si0,, B,0;, Al,O,, ZnO and all oxides of alkaline earth
metals of CaO, MgO and BaO, and substantially contains
none of Pb, As, Sb, Li, Na and K. In this case, “to contain
some specific components” means not only the case where
the glass composition contains only such specific compo-
nents but also the case where the glass composition also
contains other components which can be usually contained in
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the glass composition besides such specific components. Fur-
ther, “to substantially contain no specific element” means that
the glass composition contains no any such a specific element
as the specific component, and does not exclude the glass
composition in which the above-mentioned specific element
is mixed as an impurity in the raw materials which constitute
respective components of glass. “To substantially contain no
specific element” means that the glass composition contains
none of oxide of such a specific element, none of nitride of
such a specific element or the like.

The content of SiO,, the content of B,Oj;, the content of
Al O,, the content of ZnO, the content of oxide of alkaline
earth metal, the content of CaO, the content of MgO, the
content of BaO and a total content of the content of SiO, and
the content of B,O; of the glass composition for protecting a
semiconductor junction of the embodiment 3 are equal to the
contents the corresponding compositions of the glass compo-
sition for protecting a semiconductor junction of the embodi-
ment 1. An average linear expansion coefficient of the glass
composition of the embodiment 3 at a temperature of 50° C.
to 550° C. also falls within a range 0f 3.33x107%t0 4.13x1076
in the same manner as the glass composition for protecting a
semiconductor junction of the embodiment 1.

According to the glass composition for protecting a semi-
conductor junction of the embodiment 3, in the same manner
as the glass composition for protecting a semiconductor junc-
tion of the embodiment 1, a semiconductor device having
high breakdown strength can be manufactured by using a
glass material which contains no lead in the same manner as
the conventional case where “a glass material containing lead
silicate as a main component” is used.

According to the glass composition for protecting a semi-
conductor junction of the embodiment 3, an average linear
expansion coefficient within a temperature range of 50° C. to
550° C. falls within a range 0f3.33x107%t0 4.13x10~°% so that
the glass composition has a linear expansion coefficient close
to a linear expansion coefficient of silicon whereby it is pos-
sible to make the warping of the wafer during steps extremely
small. Accordingly, the semiconductor device having an
excellent forward breakdown voltage characteristic can be
manufactured using a thin wafer, and the semiconductor
device having an excellent reverse breakdown voltage char-
acteristic can be manufactured by increasing a thickness of
the glass layer.

According to the glass composition for protecting a semi-
conductor junction of the embodiment 3, the content of SiO,,
the content of B,O,, the content of Al,O,, the content of ZnO,
and the content of oxide of alkaline earth metal are equal to
the contents of the corresponding components of the glass
composition for protecting a semiconductor junction of the
embodiment 1. Accordingly, it is possible to set an average
linear expansion coefficient of the glass composition for pro-
tecting a semiconductor junction within a temperature range
of 50° C. to 550° C. to a value (3.33x107° to0 4.13x1075, for
example) close to a linear expansion coefficient of silicon
without causing the crystallization in the process of vitrifica-
tion. For this reason, it is possible to make the warping of the
wafer during steps extremely small. As a result, the semicon-
ductor device having an excellent forward breakdown voltage
characteristic can be manufactured using a thin wafer, and the
semiconductor device having an excellent reverse breakdown
voltage characteristic can be also manufactured by increasing
a thickness of the glass layer.

The reason the content of SiO,, the content of B,O;, the
content of Al,O;, the content of ZnO, the content of oxide of
alkaline earth metal, the content of CaQ, the content of MgO,
the content of BaO and a total content of the content of SiO,
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and the content of B,O; of the glass composition for protect-
ing a semiconductor junction of the embodiment 3 are set to
values which fall within the above-mentioned ranges is equal
to the reason the contents of the corresponding components of
the glass composition for protecting a semiconductor junc-
tion of the embodiment 1 are set.

The reason the composition contains no nickel oxide is that
even when the composition contains no nickel oxide, there
may be a case where it is possible to suppress the generation
of’bubbles which may be generated from an interface between
a “layer made of the glass composition for protecting a semi-
conductor junction” formed by an electrophoresis method
and a silicon substrate in the process of baking the “layer
made ofthe glass composition for protecting a semiconductor
junction”.

The glass composition for protecting a semiconductor
junction of the embodiment 3 can be manufactured as fol-
lows. That is, raw materials (SiO,, H;BO;, Al,O;, ZnO,
CaCO;, MgO and BaCO,) are prepared at the above-men-
tioned composition ratio (molar ratio), these raw materials are
sufficiently mixed and stirred together by a mixer and, there-
after, the mixed raw material is put into a platinum crucible, a
temperature of the mixed raw material is elevated up to a
predetermined temperature (1550° C., for example) in an
electric furnace and is melted for a predetermined time. Then,
the material in a molten state is made to flow out from the
crucible and is fed to water-cooled rolls so that glass flakes in
a flaky shape are obtained. Thereafter, the glass flakes are
pulverized by a ball mill or the like until the glass flakes obtain
apredetermined average particle size thus manufacturing the
powdery glass composition.

Embodiment 4

The embodiment 4 relates to a method of manufacturing a
semiconductor device.

The method of manufacturing a semiconductor device of
the embodiment 4 includes, in the following order: a first step
of preparing a semiconductor element which includes a pn
junction exposure portion where a pn junction is exposed; and
a second step of forming a glass layer such that the glass layer
covers the pn junction exposure portion. In the second step,
the glass layer is formed using the glass composition for
protecting a semiconductor junction of the embodiment 1.
The first step includes: a step of preparing a semiconductor
base body in which a pn junction arranged parallel to a main
surface of the semiconductor base body is formed; and a step
of forming trenches having a depth exceeding the pn junction
from one surface of a semiconductor base body thus forming
apn junction exposure portion in the trenches, and the second
step includes a step of forming the glass layer such that the
glass layer directly covers the pn junction exposure portion in
the inside of the trench.

FIG. 1A to FIG. 1D and FIG. 2A to FIG. 2D are views for
explaining the method of manufacturing a semiconductor
device of the embodiment 4. FIG. 1A to FIG. 1D and FIG. 2A
to FIG. 2D are views showing respective steps of the method
of manufacturing a semiconductor device.

In the method of manufacturing a semiconductor device of
the embodiment 4, as shown in FIG. 1A to FIG. 1D and FIG.
2A to FIG. 2D, “semiconductor base body forming step”,
“trench forming step”, “glass layer forming step”, “photore-
sist forming step”, “oxide film removing step”, “roughened
surface region forming step”, “electrode forming step”, and
“semiconductor base body cutting step” are performed in this
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order. Hereinafter, the method of manufacturing a semicon-
ductor device of the embodiment 4 is explained in the order of
these steps.
(a) Semiconductor Base Body Forming Step

Firstly, a p* type diffusion layer 112 is formed by diffusion
of'a p type impurity from one surface of an n™ type semicon-
ductor substrate (n~ type silicon substrate) 110, and ann™ type
diffusion layer 114 is formed by diffusion of an n type impu-
rity from the other surface of the n™ type semiconductor
substrate 110 thus forming a semiconductor base body in
which a pn junction arranged parallel to a main surface of the
semiconductor base body is formed. Thereafter, oxide films
116, 118 are formed by thermal oxidation on a surface of the
p* type diffusion layer 112 and a surface of the n* type
diffusion layer 114 respectively (see FIG. 1A).
(b) Trench Forming Step

Next, predetermined opening portions are formed on the
oxide film 116 at predetermined positions by photo etching.
After etching the oxide film, subsequently, the semiconductor
base body is etched thus forming trenches 120 having a depth
exceeding the pn junction from one surface of the semicon-
ductor base body (see FIG. 1B). Along with such formation of
the trenches, a pn junction exposure portion A is formed on
inner surfaces of the trenches.
(c) Glass Layer Forming Step

Next, a layer made of the glass composition for protecting
a semiconductor junction of the embodiment 1 is formed on
inner surfaces of the trenches 120 and a surface of the semi-
conductor base body in the vicinity of the trenches 120 by an
electrophoresis method, and the layer made of the glass com-
position for protecting a semiconductor junction is baked so
that a glass layer 124 for passivation is formed on surfaces of
the trenches 120 (see FIG. 1C). Accordingly, the pn junction
exposure portion in the inside of the trench 120 is brought into
a state where the pn junction exposure portion is directly
covered with the glass layer 124.
(d) Photoresist Forming Step

Next, a photoresist 126 is formed such that the photoresist
126 covers a surface of the glass layer 124 (see FIG. 1D).
(e) Oxide Film Removing Step

Next, the oxide film 116 is etched using the photoresist 126
as a mask so that the oxide films 116, 118 at a position 130
where an Ni plating electrode film is to be formed are
removed (see FIG. 2A).
() Roughened Surface Region Forming Step

Next, a surface of the semiconductor base body at the
position 130 where the Ni-plating electrode film is to be
formed is subjected to surface roughening treatment thus
forming a roughened surface region 132 for enhancing adhe-
siveness between the Ni plating electrode and the semicon-
ductor base body (see FIG. 2B).
(g) Electrode Forming Step

Next, Ni plating is applied to the semiconductor base body
thus forming an anode electrode 134 on the roughened sur-
face region 132 and forming a cathode electrode 136 on the
other surface of the semiconductor base body (see FIG. 2C).
(h) Semiconductor Base Body Cutting Step

Next, the semiconductor base body is cut by dicing or the
like at a center portion of the glass layer 124 thus dividing the
semiconductor base body into chips whereby mesa-type
semiconductor devices (pn diodes) are manufactured (see
FIG. 2D).

Through the above-mentioned steps, the mesa-type semi-
conductor device having high breakdown strength (semicon-
ductor device of the embodiment 4) 100 can be manufactured.
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Embodiment 5

The embodiment 5 relates to a method of manufacturing a
semiconductor device.

In the same manner as the method of manufacturing a
semiconductor device of the embodiment 4, the method of
manufacturing a semiconductor device of the embodiment 5
includes, in the following order: a first step of preparing a
semiconductor element which includes a pn junction expo-
sure portion where a pnjunction is exposed; and a second step
of forming a glass layer such that the glass layer covers the pn
junction exposure portion. In the second step, the glass layer
is formed by using the glass composition for protecting a
semiconductor junction of the embodiment 1. However, dif-
ferent from the method of manufacturing a semiconductor
device of the embodiment 4, in the method of manufacturing
a semiconductor device of the embodiment 5, the first step
includes a step of forming the pn junction exposure portion on
a surface of the semiconductor base body, and the second step
includes a step of forming the glass layer such that the glass
layer directly covers the pn junction exposure portion on the
surface of the semiconductor base body.

FIG. 3A to FIG. 3C and FIG. 4A to FIG. 4C are views for
explaining a method of manufacturing a semiconductor
device of the embodiment 5. That is, FIG. 3A to FIG. 3C and
FIG. 4A to FIG. 4C are views showing respective steps of the
method of manufacturing a semiconductor device.

In the method of manufacturing the semiconductor device
of the embodiment 5, as shown in FIG. 3A to FIG. 3C and
FIG. 4A to FIG. 4C, “semiconductor base body preparing
step”, “p* type diffusion layer forming step”, “n* type diffu-
sion layer forming step”, “glass layer forming step”, “glass
layer etching step”, “electrode forming step” and “semicon-
ductor base body cutting step” are performed in this order.
Hereinafter, the method of manufacturing a semiconductor
device of the embodiment 5 is explained in the order of these
steps.

(a) Semiconductor Base Body Preparing Step Firstly, a semi-
conductor base body where an n~ type epitaxial layer 212 is
laminated on an n* type silicon substrate 210 is prepared (see
FIG. 3A).

(b) p* Type Diffusion Layer Forming Step

Next, after forming a mask M1 on the n~ type epitaxial
layer 212, a p type impurity (boron ion, for example) is
injected into a predetermined region on a surface of the n~
type epitaxial layer 212 by an ion implantation method using
the mask M1. Then, ap* type diffusion layer 214 is formed by
thermal diffusion (see FIG. 3B).

(c) n* Type Diftusion Layer Forming Step

Next, the mask M1 is removed from the n™ type epitaxial
layer 212 and a mask M2 is formed on the n™ type epitaxial
layer 212. Thereafter, an n type impurity (arsenic ion, for
example) is injected into a predetermined region on the sur-
face of the n™ type epitaxial layer 212 by an ion implantation
method using the mask M2. Then, an n* type diffusion layer
216 is formed by thermal diffusion (see FIG. 3C).

(d) Glass Layer Forming Step

Next, the mask M2 is removed from the n~ type epitaxial
layer 212. Thereafter, a layer made of the glass composition
for protecting a semiconductor junction of the embodiment 1
is formed on the surface of the n™ type epitaxial layer 212 by
a spin coating method and, then, the layer made of the glass
composition for protecting a semiconductor junction is baked
thus forming a glass layer 215 for passivation (see FIG. 4A).
(e) Glass Layer Etching Step

Next, a mask M3 is formed on a surface of the glass layer
215 and, thereafter, the glass layer 215 is etched (see FIG.
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4B). Due to such etching, a glass layer 217 is formed on a
predetermined region on the surface of the n™ type epitaxial
layer 212.

(®) Electrode Forming Step

Next, the mask M3 is removed from the surface ofthe glass
layer 217 and, thereafter, an anode electrode 218 is formed on
a region of the surface of the semiconductor base body sur-
rounded by the glass layer 217, and a cathode electrode 220 is
formed on a back surface ofthe semiconductor base body (see
FIG. 4C).

(g) Semiconductor Base Body Cutting Step

Next, the semiconductor base body is cut by dicing or the
like thus dividing the semiconductor base body into chips
whereby semiconductor devices (planar-type pn diodes) 200
are manufactured (not shown in the drawing).

Through the above-mentioned steps, a planar-type semi-
conductor device having high breakdown strength (the semi-
conductor device of the embodiment 5) 200 can be manufac-
tured.

Embodiment 6

In the same manner as the method of manufacturing a
semiconductor device of the embodiment 4, the method of
manufacturing a semiconductor device of the embodiment 6
includes, in the following order: a first step of preparing a
semiconductor element which includes a pn junction expo-
sure portion where a pn junction is exposed; and a second step
of forming a glass layer such that the glass layer covers the pn
junction exposure portion. In the second step, the glass layer
is formed using the glass composition for protecting a semi-
conductor junction of the embodiment 1. However, different
from the method of manufacturing a semiconductor device of
the embodiment 4, in the method of manufacturing a semi-
conductor device of the embodiment 6, the second step
includes: a step of forming an insulation layer on the pn
junction exposure portion in the trench; and a step of forming
the glass layer such that the glass layer covers the pn junction
exposure portion with the insulation layer interposed therebe-
tween. In the method of manufacturing a semiconductor
device of the embodiment 6, a mesa-type pn diode is manu-
factured as the semiconductor device.

FIG. 5A to FIG. 5D and FIG. 6A to FIG. 6D are views for
explaining the method of manufacturing a semiconductor
device of the embodiment 6. FIG. 5A to FIG. 5D and FIG. 6A
to FIG. 6D are views showing respective steps of the method
of manufacturing a semiconductor device.

In the method of manufacturing a semiconductor device of
the embodiment 6, as shown in FIG. 5A to FIG. 5D and FIG.
6A to FIG. 6D, “semiconductor base body forming step”,
“trench forming step”, “insulation layer forming step”, “glass
layer forming step”, “photoresist forming step”, “oxide film
removing step”, “roughened surface region forming step”,
“electrode forming step”, and “semiconductor base body cut-
ting step” are performed in this order. Hereinafter, the method
of manufacturing a semiconductor device of the embodiment
6 is explained in the order of these steps.

(a) Semiconductor Base Body Forming Step

Firstly, a p* type diffusion layer 112 is formed by diffusion
of'a p type impurity from one surface of an n™ type semicon-
ductor substrate (n~ type silicon substrate) 110, and ann* type
diffusion layer 114 is formed by diffusion of an n type impu-
rity from the other surface of the n~ type semiconductor
substrate 110 thus forming a semiconductor base body in
which a pn junction arranged parallel to a main surface of the
semiconductor base body is formed. Thereafter, oxide films
116, 118 are formed by thermal oxidation on a surface of the
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p* type diffusion layer 112 and a surface of the n* type
diffusion layer 114 respectively (see FIG. SA).
(b) Trench Forming Step

Next, predetermined opening portions are formed on the
oxide film 116 at predetermined positions by photo etching.
After etching the oxide film, subsequently, the semiconductor
base body is etched thus forming trenches 120 having a depth
exceeding the pn junction from one surface of the semicon-
ductor base body (see FIG. 5B). Along with such formation of
the trenches, a pn junction exposure portion A is formed on an
inner surfaces of the trench.
(c) Insulation Layer Forming Step

Next, an insulation layer 121 formed of a silicon oxide film
is formed on inner surfaces of the trenches 120 by a thermal
oxidation method using dry oxygen (DryO,) (see FIG. 5C). A
thickness of the insulation layer 121 is set to a value which
falls within a range of 5 nm to 60 nm (20 nm, for example).
The insulation layer is formed such that a semiconductor base
body is introduced into a diffusion furnace and, thereafter,
thermal oxidation treatment is performed at a temperature of
900° C. for 10 minutes while supplying an oxygen gas into the
diffusion furnace. When the thickness of the insulation layer
121 is less than 5 nm, there may be a case where a reverse
current reduction effect cannot be acquired. On the other
hand, when the thickness of the insulation layer 121 exceeds
60 nm, there may be a case where a layer made of a glass
composition cannot be formed by an electrophoresis method
in a next glass layer forming step.
(d) Glass Layer Forming Step

Next, a layer made of the glass composition for protecting
a semiconductor junction of the embodiment 1 is formed on
inner surfaces of the trenches 120 and a surface of the semi-
conductor base body in the vicinity of the trenches 120 by an
electrophoresis method and, then, the layer made of the glass
composition for protecting a semiconductor junction is baked
thus forming a glass layer 124 for passivation (see FIG. 5D).
In forming the layer made of the glass composition for pro-
tecting a semiconductor junction on the inner surfaces of the
trenches 120, the layer made of the glass composition for
protecting a semiconductor junction is formed such that the
layer made of the glass composition for protecting a semi-
conductor junction covers the inner surfaces of the trenches
120 with an insulation layer 121 interposed therebetween.
Accordingly, the pn junction exposure portion A in the trench
120 is brought into a state where the pn junction exposure
portion A is covered with the glass layer 124 with the insula-
tion layer 121 interposed therebetween.
(e) Oxide Film Removing Step

Next, a photoresist 126 is formed such that the photoresist
126 covers the surface of the glass layer 124 and, thereafter,
the oxide film 116 is etched using the photoresist 126 as a
mask so that the oxide film 116 formed at a position 130
where an Ni plating electrode film is to be formed is removed
(see FIG. 6A).
(f) Roughened Surface Region Forming Step

Next, a surface of the semiconductor base body at the
position 130 where the Ni-plating electrode film is to be
formed is subjected to surface roughening treatment thus
forming a roughened surface region 132 for enhancing adhe-
siveness between an Ni plating electrode and the semicon-
ductor base body (see FIG. 6B).
(g) Electrode Forming Step

Next, Ni plating is applied to the semiconductor base body
thus forming an anode electrode 134 on the roughened sur-
face region 132 and forming a cathode electrode 136 on the
other surface of the semiconductor base body (see FIG. 6C).
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(h) Semiconductor Base Body Cutting Step

Next, the semiconductor base body is cut by dicing or the
like at a center portion of each glass layer 124 thus dividing
the semiconductor base body into chips whereby semicon-
ductor devices (mesa-type pn diodes) 102 are manufactured
(see FIG. 6D).

Through the above-mentioned steps, the mesa-type semi-
conductor device having high breakdown strength (semicon-
ductor device of the embodiment 6) 102 can be manufactured.

Embodiment 7

In the same manner as the method of manufacturing a
semiconductor device of the embodiment 5, the method of
manufacturing a semiconductor device of the embodiment 7
includes, in the following order: a first step of preparing a
semiconductor element which includes a pn junction expo-
sure portion where a pn junction is exposed; and a second step
of forming a glass layer such that the glass layer covers the pn
junction exposure portion. In the second step, the glass layer
is formed using the glass composition for protecting a semi-
conductor junction of the embodiment 1. However, different
from the method of manufacturing a semiconductor device of
the embodiment 5, in the method of manufacturing a semi-
conductor device of the embodiment 7, the second step
includes: a step of forming an insulation layer on the pn
junction exposure portion on a surface of a semiconductor
base body; and a step of forming the glass layer such that the
glass layer covers the pn junction exposure portion with the
insulation layer interposed therebetween. In the method of
manufacturing a semiconductor device of the embodiment 7,
a planar-type pn diode is manufactured as the semiconductor
device.

FIG. 7A to FIG. 7D and FIG. 8A to FIG. 8D are views for
explaining the method of manufacturing a semiconductor
device of the embodiment 7. FIG. 7A to FIG. 7D and FIG. 8A
to FIG. 8D are views showing respective steps of the method
of manufacturing a semiconductor device.

In the method of manufacturing a semiconductor device of
the embodiment 7, as shown in FIG. 7A to FIG. 7D and FIG.
8A to FIG. 8D, “semiconductor base body preparing step”,
“p* type diffusion layer forming step”, “n* type diffusion
layer forming step”, “insulation layer forming step”, “glass
layer forming step”, “etching step”, “electrode forming step”
and “semiconductor base body cutting step” are performed in
this order. Hereinafter, the method of manufacturing a semi-
conductor device of the embodiment 7 is explained in the
order of these steps.

(a) Semiconductor Base Body Preparing Step

Firstly, a semiconductor base body where an n~ type epi-
taxial layer 212 is laminated on an n' type silicon substrate
210 is prepared (see FIG. 7A).

(b) p~ Type Diffusion Layer Forming Step

Next, after forming a mask M1 on the n~ type epitaxial
layer 212, a p type impurity (boron ion, for example) is
injected into a predetermined region on a surface of the n~
type epitaxial layer 212 by an ion implantation method using
the mask M 1. Then, a p* type diffusion layer 214 is formed by
thermal diffusion (see FIG. 7B).

(c) n* Type Diffusion Layer Forming Step

Next, the mask M1 is removed from the n~ type epitaxial
layer 212 and a mask M2 is formed on the n~ type epitaxial
layer 212. Thereafter, an n type impurity (arsenic ion, for
example) is injected into a predetermined region on the sur-
face of the n™ type epitaxial layer 212 by an ion implantation
method using the mask M2. Then, an n* type diffusion layer
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216 is formed by thermal diffusion (see FIG. 7C). In this step,
apn junction exposure portion A is formed on a surface of the
semiconductor base body.
(d) Insulation Layer Forming Step

Next, the mask M2 is removed from the n~ type epitaxial
layer 212. Thereafter, an insulation layer 218 formed of a
silicon oxide film is formed on the surface of the n~ type
epitaxial layer 212 (and on a back surface of the n* type
silicon substrate 210) by a thermal oxidation method using
dry oxygen (DryO,) (see FIG. 7D). A thickness of the insu-
lation layer 218 is set to a value which falls within a range of
5 nm to 60 nm (20 nm, for example). The insulation layer 218
is formed such that a semiconductor base body is introduced
into a diffusion furnace and, thereafter, thermal oxidation
treatment is applied to the semiconductor base body at a
temperature of 900° C. for 10 minutes while supplying an
oxygen gas into the diffusion furnace. When the thickness of
the insulation layer 218 is less than 5 nm, there may be a case
where a reverse current reduction effect cannot be acquired.
On the other hand, when the thickness of the insulation layer
218 exceeds 60 nm, there may be a case where a layer made
of the glass composition cannot be formed by an electro-
phoresis method in the next glass layer forming step.

(e) Glass Layer Forming Step

Next, a layer made of the glass composition for protecting
a semiconductor junction of the embodiment 1 is formed on a
surface of the insulation layer 218 by an electrophoresis
method and, then, the layer made of the glass composition for
protecting a semiconductor junction is baked thus forming a
glass layer 220 for passivation (see FIG. 8A).

(f) Etching Step

Next, after forming a mask M3 on the surface of the glass
layer 220, the glass layer 220 is etched (see FIG. 8B). Sub-
sequently, the insulation layer 218 is etched (see FIG. 8C).
Due to such etching, the insulation layer 218 and the glass
layer 220 are formed on a predetermined region on the surface
of'the n™ type epitaxial layer 212.

(g) Electrode Forming Step

Next, the mask M3 is removed from the surface of the glass
layer 220 and, thereafter, an anode electrode 222 is formed on
a region of the surface of the semiconductor base body sur-
rounded by the glass layer 220, and a cathode electrode 224 is
formed on a back surface ofthe semiconductor base body (see
FIG. 8D).

(h) Semiconductor Base Body Cutting Step

Next, the semiconductor base body is cut by dicing or the
like thus dividing the semiconductor base body into chips
whereby the semiconductor devices (planar-type pn diodes)
202 are manufactured (not shown in the drawing).

Through the above-mentioned steps, a planar-type semi-
conductor device having high breakdown strength (the semi-
conductor device of the embodiment 7) 202 can be manufac-
tured.

EXAMPLES
1. Preparation of Specimens

FIG. 9 is a Table showing conditions and results of
examples. Raw materials are prepared at composition ratios
indicated in examples 1 to 8 and comparison examples 1 and
2 (see F1G. 9). These raw materials are sufficiently mixed and
stirred together by a mixer and, thereafter, the mixed raw
material is put into a platinum crucible, a temperature of the
mixed raw material is elevated up to a predetermined tem-
perature (1350° C. to 1550° C., for example) in an electric
furnace and is melted for two hours. Then, the material in a
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molten state is made to flow out from the crucible and is fed
to water-cooled rolls so that glass flakes in a flaky shape are
obtained. The glass flakes are pulverized by a ball mill until
the glass flakes obtain an average particle size of 5 um thus
obtaining powdery glass composition.

The raw materials used in the examples are SiO,, H,BO,,
Al,0,, Zn0O, CaCO,, MgO, BaCO,, NiO, ZrO, and PbO.

2. Evaluation

The respective glass compositions obtained by the above-
mentioned methods are evaluated in accordance with the
following evaluation aspects.

(1) Evaluation Aspect 1 (Environmental Burden)

The object of the present invention lies in that “a semicon-
ductor device having high breakdown strength can be manu-
factured by using a glass material which contains no lead in
the same manner as the conventional case where “a glass
material containing lead silicate as a main component™ is
used” and hence, the score “good” is given when the glass
composition contains no lead component, and the score “bad”
is given when the glass composition contains a lead compo-
nent.

(2) Evaluation Aspect 2 (Baking Temperature)

When the baking temperature is excessively high, the bak-
ing temperature largely influences a semiconductor device in
a manufacturing process. Accordingly, the score “good” is
given when the baking temperature is equal to or below 900°
C., and the score “bad” is given when the baking temperature
exceeds 900° C.

(3) Evaluation Aspect 3 (Resistance to Chemicals)

The score “good” is given when the glass composition
exhibits insolubility with respect to both aqua regia and plat-
ing liquid, and the score “bad” is given when the glass com-
position exhibits solubility to at least one of aqua regia and
plating liquid.

(4) Evaluation Aspect 4 (Average Linear Expansion Coeffi-
cient)

Glass plates in a flaky shape are prepared from a material in
a molten state obtained in the above-mentioned “1. Prepara-
tion of specimens”, and an average linear expansion coeffi-
cient of the glass composition at a temperature of 50° C. to
550° C. is measured by using the glass plates in a flaky shape.
The average linear expansion coefficient is measured by a
total expansion measuring method (temperature elevation
speed: 10° C./min) using Thermomechanical Analyzers
TMA-60 made by SHIMADZU CORP where silicon single
crystal having a length of 20 mm is used as a standard speci-
men.

FIG.10A and FIG. 10B are graphs showing one example of
the result of measurement of an average linear expansion
coefficient, wherein FIG. 10A is a graph showing the mea-
surement result of the glass composition for protecting a
semiconductor junction according to the example 3, and FIG.
10B is a graph showing the measurement result of the glass
composition for protecting a semiconductor junction accord-
ing to the comparison example 1. The score “good” is given
when a difference between the average linear expansion coef-
ficient of the glass composition at a temperature of 50° C. to
550° C. and a linear expansion coefficient (3.73x107°) of
silicon is “0.4x107%” or less, and the score “bad” is given
when the difference exceeds “0.4x107%”. In the column of the
evaluation aspect 4 in FIG. 9, numerals in parentheses indi-
cate average linear expansion coefficient of the glass compo-
sition within a temperature range of 50° C. to 550° C.x10*S.
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(5) Evaluation Aspect 5 (Insulation Property)

A semiconductor device (pn diodes) is manufactured by a
method substantially equal to the method of manufacturing a
semiconductor device of the embodiment 4 or 6, and a reverse
breakdown voltage characteristic of a semiconductor device
manufactured by the method is measured. In examples 7 and
8 and comparison examples 1 and 2, a semiconductor device
is manufactured by the method of manufacturing a semicon-
ductor device of the embodiment 4. In examples 1 to 6, a
semiconductor device is manufactured by the method of
manufacturing a semiconductor device of the embodiment 6.
As the result of the measurement, the score “good” is given
when a reverse breakdown voltage characteristic of a semi-
conductor device falls within a normal range, and the score
“bad” is given when a reverse breakdown voltage character-
istic of a semiconductor device falls outside a normal range.
(6) Evaluation Aspect 6 (Presence or Non-Presence of Crys-
tallization)

A semiconductor device (pn diodes) is manufactured by a
method substantially equal to the method of manufacturing a
semiconductor device of the embodiment 4 or 6. In the
examples 7 and 8 and the comparison examples 1 and 2, a
semiconductor device is manufactured by the method of
manufacturing a semiconductor device of the embodiment 4.
In the examples 1 to 6, a semiconductor device is manufac-
tured by the method of manufacturing a semiconductor
device of the embodiment 6. As the result, the score “good” is
given when vitrification can be performed without causing
the crystallization in the process of vitrification of a layer
made of the glass composition, and the score “bad” is given
when vitrification cannot be performed due to the crystalli-
zation.

(7) Evaluation Aspect 7 (Presence or Non-Presence of Gen-
eration of Bubbles)

A semiconductor device (pn diodes) is manufactured by a
method substantially equal to the method of manufacturing a
semiconductor device of the embodiment 4 or 6, and the
observation is made whether or not bubbles are generated in
the inside of the glass layer 124 (particularly, in the vicinity of
an interface between the glass layer 124 and the silicon sub-
strate) in the course of vitrification (preliminary evaluation).
Further, the glass compositions for protecting a semiconduc-
tor junction according to the examples 1 to 6 and the com-
parison examples 1 and 2 are applied to silicon substrates
each having a size of 10 mmx10 mm by coating respectively
thus forming layers made of the glass composition for pro-
tecting a semiconductor junction on the silicon substrates,
and the layers made of the glass composition for protecting a
semiconductor junction are baked thus forming glass layers.
Then, the observation is made whether or not bubbles are
generated in the inside of the glass layers (particularly, in the
vicinity of an interface between the glass layer and the semi-
conductor base body) (subsequent evaluation). In the
examples 7 and 8 and the comparison examples 1 and 2, a
semiconductor device is manufactured by the method of
manufacturing a semiconductor device of the embodiment 4.
In the examples 1 to 6, a semiconductor device is manufac-
tured by the method of manufacturing a semiconductor
device of the embodiment 6.

FIG.11A and FIG. 11B are views for explaining bubbles b
generated in the inside of the glass layer 124 in the prelimi-
nary evaluation. FIG. 11A is a cross-sectional view of a
semiconductor device where no bubbles b are generated,
while FIG. 11B is a cross-sectional view of a semiconductor
device where bubbles b are generated. FIG. 12A and FIG.
12B are photographs for explaining bubbles b generated in
the inside of the glass layer 124 in the subsequent evaluation.
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FIG. 12A is a photograph showing an interface between the
silicon substrate and the glass layer where no bubbles b are
generated in an enlarged manner, and FIG. 12B is a photo-
graph showing an interface between the silicon substrate and
the glass layer where bubbles b are generated in an enlarged
manner. As the result of the experiment, it is found that there
is enough correlation between the result of the preliminary
evaluation of the present invention and the result of the sub-
sequent evaluation of the present invention. In the subsequent
evaluation, the score “good” is given when no bubbles having
a diameter of 50 um or more are generated in the inside of the
glass layer, the score “fair” is given when one to twenty
bubbles having a diameter of 50 um or more are generated in
the inside of the glass layer, and the score “bad” is given when
twenty one or more bubbles having a diameter of 50 um or
more are generated in the inside of the glass layer.
(8) Comprehensive Evaluation

The score “good” is given when the score “good” is given
with respect to all of the above-mentioned evaluation aspects
1 to 7, and the score “bad” is given when the score “fair” or
“bad” is given with respect to at least one of the respective
evaluation aspects.

3. Evaluation Result

As can be understood also from FIG. 9, in all glass com-
positions according to the comparison examples 1 and 2, the
score “bad” is given with respect to at least one of the evalu-
ation aspects so that the score “bad” is given with respect to
the comprehensive evaluation. That is, in the glass composi-
tions according to the comparison example 1, the score “bad”
is given with respect to the evaluation aspects 1 and 4. Further,
in the glass composition according to the comparison
example 2, the score “bad” is given with respect to the evalu-
ation aspects 3 and 4.

To the contrary, in all glass compositions according to the
examples 1 to 8, the score “good” is given with respect to all
evaluation aspects (evaluation aspects 1 to 7). As the result, it
is found that, although all glass compositions according to the
examples 1 to 8 are a glass material which contains no lead,
these glass compositions satisfy all the following conditions
(a) to (d), that is, the condition (a) that the glass composition
can be baked at a proper temperature (for example, 900° C. or
below), the condition (b) that the glass composition with-
stands chemicals used in steps, the condition (c) that the glass
composition has a linear expansion coefficient close to a
linear expansion coefficient of silicon (particularly an aver-
age linear expansion coefficient at a temperature of 50° C. to
550° C. being close to a linear expansion coefficient of sili-
con), and the condition (d) that the glass composition has
excellent insulation property. It is also found that these glass
compositions satisfy the condition (e) that the glass compo-
sition is not crystallized in the process of vitrification, and the
condition (f) that the occurrence of a state that a reverse
breakdown voltage characteristic of the semiconductor
device is deteriorated can be suppressed by suppressing the
generation of bubbles which may be generated from an inter-
face between the glass layer and the silicon substrate in the
process of forming the glass layer.

From other experiments which the inventors carried out, it
is also found that the semiconductor devices according to the
examples 1 to 6 are the semiconductor devices which exhibit
a low reverse current irrespective of the composition of the
glass layer or a baking condition of the glass layer compared
to the semiconductor devices according to the examples 7 and
8.
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Also from other experiments which the inventors carried
out, it is also found that bubbles are hardly generated from an
interface between the silicon substrate and the glass layer in
the process of forming the glass layer by baking the layer
made of the glass composition in the semiconductor devices
according to the examples 1 to 6 compared to the semicon-
ductor devices according to the examples 7 and 8.

Also from other experiments which the inventors carried
out, it is found that when a resin-sealed semiconductor device
is manufactured by molding a semiconductor device accord-
ing to the examples 1 to 8 with a resin, such a resin-sealed
semiconductor device exhibits higher resistance to a reverse
bias at a high temperature than a resin-sealed semiconductor
device which is manufactured by molding a semiconductor
device according to the comparison example 1 with a resin.

[Preliminary Evaluation]

In deciding the composition of the above-mentioned
examples 1 to 8, the preliminary evaluation is carried out at 18
levels, and the result of the preliminary experiment is used as
the reference. FIG. 13 is a Table showing the compositions at
18 levels and the result of the preliminary evaluation. The
following matters (1) to (4) can be understood from FIG. 13.

(1) From a viewpoint of difficulty in crystallization in the
process of vitrification, the smaller a total content of the
content of SiO, and the content of B,O;, the more difficult the
crystallization becomes. The larger the content of Al,O;, the
more difficult the crystallization becomes. The smaller the
content of ZnO, the more difficult the crystallization
becomes. The larger the content of oxide of alkaline earth
metal, the more difficult the crystallization becomes.

(2) From a viewpoint of an average linear expansion coef-
ficient o within a temperature range of 50° C. to 550° C., the
followings tendencies are found. That is, the larger a total
content of the content of SiO, and the content of B,O;, the
smaller the average linear expansion coefficient o becomes.
The larger the content of Al,O;, the smaller the average linear
expansion coefficient a becomes. With respect to ZnO, it is
found that there is a tendency that the larger the content of
Zn0, the smaller the average linear expansion coefficient o
becomes. However, such a tendency is brought about by the
decrease of the average linear expansion coefficient o caused
by the crystallization and hence, it is considered desirable to
set the content of ZnO small from a viewpoint of vitrification.

(3) From a viewpoint of a glass transition temperature Tg,
the followings tendencies are found. That is, the smaller a
total content of the content of SiO, and the content of B,0,,
the lower the glass transition temperature Tg becomes. The
larger a ratio of the content of B,O; with respect to the content
of SiO,, the lower the glass transition temperature Tg
becomes. The smaller the content of Al,O;, the lower the
glass transition temperature Tg becomes. The larger the con-
tent of ZnO, the lower the glass transition temperature Tg
becomes.

(4) From a viewpoint of a yield point (softening point) Ts,
the followings tendencies are found. That is, the smaller a
total content of the content of SiO, and the content of B,O,,
the lower the yield point Ts becomes. The larger a ratio of the
content of B,O; with respect to the content of SiO,, the lower
the yield point Ts becomes. The larger the content of BaO, the
lower the yield point Ts becomes.

Although the glass composition for protecting a semicon-
ductor junction, the method of manufacturing a semiconduc-
tor device and such a semiconductor device according to the
present invention have been explained heretofore in conjunc-
tion with the above-mentioned embodiments, the present
invention is not limited to the above-mentioned embodi-
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ments, and can be carried out without departing from the gist
of the present invention. For example, the following modifi-
cations are conceivable.

(1) In the above-mentioned embodiment 3, the glass com-
position for protecting a semiconductor junction of the
present invention has been explained by using the glass com-
position which basically has the substantially same compo-
sition as the glass composition for protecting a semiconductor
junction of the embodiment 1 as a base and contains no nickel
oxide. However, the present invention is not limited to such
glass composition. For example, the present invention also
includes the glass composition for protecting a semiconduc-
tor junction which basically has the substantially same com-
position as the glass composition for protecting a semicon-
ductor junction of the embodiment 2 as a base and contains no
nickel oxide.

(2) Inthe above-mentioned embodiments 1 and 2, although
nickel oxide is used as “at least one metal oxide selected from
a group consisting of nickel oxide, copper oxide, manganese
oxide and zirconium oxide (metal oxide having property of
suppressing the generation of bubbles in the process of vitri-
fication)”, the present invention is not limited to nickel oxide.
For example, in place of nickel oxide, copper oxide, manga-
nese oxide or zirconium oxide may be used.

Although the present invention relates to “the glass com-
position for protecting a semiconductor junction which sub-
stantially contains none of Pb, As, Sb, Li, Na and K”, the
present invention also includes “the glass composition for
protecting a semiconductor junction which substantially con-
tains none of Pb, P, As, Sb, Li, Na and K”.

(4) In the above-mentioned embodiments 4 to 7, although
the glass layer is formed using the glass composition for
protecting a semiconductor junction of the embodiment 1, the
present invention is not limited to such glass composition. For
example, the glass layer may be formed using the glass com-
position for protecting a semiconductor junction of the
embodiment 2 or 3. Further, the glass layer may be formed
using other glass compositions for protecting a semiconduc-
tor junction which fall within the scope of claim 1 or 3.

(5) In the above-mentioned respective embodiments, the
present invention has been explained by taking diodes (mesa-
type pn diode, planar-type pn diode) as an example. However,
the present invention is not limited to such diodes. The
present invention is also applicable to all types of semicon-
ductor devices where a pn junction is exposed (for example,
thyristor, power MOSFET, IGBT and the like).

EXPLANATION OF SYMBOLS

100, 102, 200, 202, 900: semiconductor device

110, 910: n~ type semiconductor substrate

112, 912: p* type diffusion layer

114, 214, 914: n~ type diftusion layer

116, 118, 916, 918: oxide film

120, 920: trench

121, 218: insulation layer

124, 215, 217, 220, 924: glass layer

126, 926: photoresist

130, 930: portion where Ni-plating electrode film is to be
formed

132, 932: roughened surface region

134, 934: anode electrode

136, 936: cathode electrode

210: n* type semiconductor substrate

212: n” type epitaxial layer
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216: n™* type diffusion layer
222: anode electrode layer
224: cathode electrode layer
b: bubbles

The invention claimed is:
1. A glass composition for protecting a semiconductor
junction which is used for forming a glass layer to cover a pn
junction exposure portion of a silicon-made semiconductor
element having the pn junction exposure portion where a pn
junction is exposed, the glass composition comprising:
fine glass particles prepared from a material in a molten
state obtained by melting a glass material which con-
tains at least SiO,, B,0;, Al,0;, Zn0O, and at least two
oxides of alkaline earth metals selected from the group
consisting of CaO, MgO and BaO, and substantially
contains none of Pb, As, Sb, Li, Na and K, wherein
the glass composition further contains nickel oxide,
the content of SiO, falls within a range of 49.5 mol % to
64.3 mol %,

the content of B,O; falls within a range of 8.4 mol % to
17.9 mol %,

the content of Al,O, falls within a range of 3.7 mol % to
14.8 mol %,

the content of ZnO falls within a range 0f 3.9 mol %to 14.2

mol %, and

the content of the oxides of alkaline earth metals falls

within a range of 7.4 mol % to 12.9 mol %, and

an average linear expansion coefficient within a tempera-

ture range of 50° C. to 550° C. falls within a range of
3.33x107% t0 4.13x107°.

2. The glass composition according to claim 1, wherein

the average linear expansion coefficient within the tem-

perature range of 50° C. to 550° C. falls within a range of
3.38x107°% to 4.08x107°.

3. The glass composition according to claim 1, wherein

a total content of the content of SiO, and the content of

B,0; falls within a range of 65 mol % to 75 mol %.

4. The glass composition according to claim 1, wherein

the glass composition contains, as the oxides of alkaline

earth metals, all of CaO, MgO and BaO.

5. The glass composition according to claim 4, wherein

the content of CaO falls within a range of 2.0 mol % t0 5.3

mol %,

the content of MgO falls within a range of 1.0 mol %10 2.3

mol %, and

the content of BaO falls within a range of 2.6 mol % t0 5.3

mol %.

6. The glass composition according to claim 1, wherein

the glass composition contains, as the oxides of alkaline

earth metals, CaO and BaO.

7. The glass composition for according to claim 6, wherein
out of the oxides of alkaline earth metals,

the content of CaO falls within a range of 2.0 mol % t0 7.6

mol %, and

the content of BaO falls within a range of 3.7 mol % 10 5.9

mol %.

8. The glass composition according to claim 1, wherein

the glass composition further contains at least one metal

oxide selected from the group consisting of nickel oxide,
copper oxide, manganese oxide and zirconium oxide.

9. The glass composition according to claim 8, wherein

the content of the at least one metal oxide falls within a

range of 0.01 mol % to 2.0 mol %.
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10. A method of manufacturing a semiconductor device
comprising, in the following order:

a first step of preparing a silicon-made semiconductor ele-
ment having a pn junction exposure portion where a pn
junction is exposed; and

a second step of forming a glass layer by forming a layer
made of a glass composition for protecting a semicon-
ductor junction such that the layer covers the pn junction
exposure portion and by baking the layer made of the
glass composition for protecting a semiconductor junc-
tion, wherein

in the second step, the glass layer is formed using the glass
composition for protecting a semiconductor junction
which is made of fine glass particles prepared from a
material in a molten state obtained by melting a glass
material which contains at least SiO,, B,0;, A1,O;, ZnO
and at least two oxides of alkaline earth metals selected
from a group consisting of CaO, MgO and BaO, and
substantially contains none of Pb, As, Sb, Li, Na and K,
wherein the glass composition further contains nickel
oxide, the content of SiO, falls within a range of 49.5
mol % to 64.3 mol %, the content of B,Oj falls within a
range of 8.4 mol % to 17.9 mol %, the content of Al,O;
falls within a range of 3.7 mol % to 14.8 mol %, the
content of ZnO falls within a range 0f 3.9 mol % to 14.2
mol %, and the content of the oxide of alkaline earth
metal falls within a range of 7.4 mol % to 12.9 mol %,
and an average linear expansion coefficient within a
temperature range of 50° C. to 550° C. falls within a
range of 3.33x107° to 4.13x107S.

11. The method of manufacturing a semiconductor device

according to claim 10, wherein

the first step includes:

a step of preparing a semiconductor base body having a
pn junction parallel to a main surface; and

a step of forming the pn junction exposure portion in the
inside of a trench by forming the trench from one
surface of the semiconductor base body with a depth
exceeding the pn junction, and

the second step includes a step of forming the glass layer
such that the glass layer covers the pn junction exposure
portion in the inside of the trench.

12. The method of manufacturing a semiconductor device
according to claim 11, wherein the second step includes a step
of forming the glass layer such that the glass layer directly
covers the pn junction exposure portion in the trench.

13. The method of manufacturing a semiconductor device
according to claim 11, wherein the second step includes

a step of forming an insulation layer over the pn junction
exposure portion in the trench, and

a step of forming the glass layer such that the glass layer
covers the pn junction exposure portion with the insula-
tion layer interposed therebetween.

14. The method of manufacturing a semiconductor device

according to claim 10, wherein

the first step includes a step of forming the pn junction
exposure portion on a surface of a semiconductor base
body, and
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the second step includes a step of forming the glass layer
such that the glass layer covers the pn junction exposure
portion on the surface of the semiconductor base body.

15. The method of manufacturing a semiconductor device
according to claim 14, wherein the second step includes a step
of forming the glass layer such that the glass layer directly
covers the pn junction exposure portion on the surface of the
semiconductor base body.

16. The method of manufacturing a semiconductor device
according to claim 14, wherein the second step includes

a step of forming an insulation layer on the pn junction
exposure portion on a surface of the semiconductor base
body, and

a step of forming the glass layer such that the glass layer
covers the pn junction exposure portion with the insula-
tion layer interposed therebetween.

17. A semiconductor device comprising:

a silicon-made semiconductor element having a pn junc-
tion exposure portion where a pn junction is exposed;
and

a glass layer which is formed by forming a layer made of a
glass composition for protecting a semiconductor junc-
tion such that the layer covers the pn junction exposure
portion and by baking the layer made of the glass com-
position for protecting a semiconductor junction,
wherein

the glass layer is formed using the glass composition for
protecting a semiconductor junction which is made of
fine glass particles prepared from a material in a molten
state obtained by melting a glass material which con-
tains at least Si0,, B,O;, Al,O;, ZnO and at least two
oxides of alkaline earth metals selected from a group
consisting of CaO, MgO and BaO, and substantially
contains none of Pb, As, Sb, Li, Na and K, wherein the
glass composition further contains nickel oxide, the con-
tent of Si0O, falls within a range of 49.5 mol % to 64.3
mol %, the content of B,O; falls within a range of 8.4
mol % to 17.9 mol %, the content of Al,O; falls within a
range of 3.7 mol % to 14.8 mol %, the content of ZnO
falls within a range 0f 3.9 mol % to 14.2 mol %, and the
content of the oxide of alkaline earth metal falls within a
range of 7.4 mol % to 12.9 mol %, and an average linear
expansion coefficient within a temperature range of 50°
C. to 550° C. falls within a range of 3.33x107°% to 4.13x
107°,

18. The glass composition according to claim 1, wherein
the glass composition is configured to form the glass layer
without causing crystallization in forming the glass layer by
baking the glass composition.

19. The method of manufacturing a semiconductor device
according to claim 10, wherein in the second step, the glass
layer is formed without causing crystallization by baking the
layer made of the glass composition for protecting a semi-
conductor junction.

20. The semiconductor device according to claim 17,
wherein the glass layer is a layer formed by baking the glass
composition for protecting a semiconductor junction without
causing crystallization.
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